We report a case of carotid endarterectomy and clipping of an ipsilateral internal carotid artery aneurysm in a patient with complete contralateral carotid stenosis. The patient developed an ischaemic electroencephalographic (EEG) tracing on temporary carotid clamping and bypass shunt was contraindicated. We used thiopentone titrated to EEG burst suppression for pharmacological cerebral protection during the subsequent prolonged carotid clamp necessary for carotid endarterectomy. We review the use of thiopentone for this purpose, in particular the evidence for efficacy, mechanism of action and optimal dosage and timing of administration.
Although carotid endarterectomy has been performed for almost 50 years, only in the last 10 years have randomized controlled trials clarified the indications for surgery 1 . These indications in turn are dependent upon achieving an acceptable perioperative complication rate, especially myocardial infarction and stroke rates. To achieve an acceptable perioperative stroke rate, various techniques are used to protect the brain from intraoperative ischaemia. Carotid bypass shunting is commonly performed but not always practicable, and sometimes other methods have to be considered, as the following case report demonstrates.
CASE HISTORY
A 59-year-old woman, with a history of recurrent transient ischaemic attacks, presented for left carotid endarterectomy (CEA) and clipping of a left internal carotid artery (ICA) aneurysm. She had been having multiple episodes of transient paresis and paraesthesia in her right arm and around her mouth for about six months prior to admission. She had previously had a craniotomy for a traumatic subdural haematoma in 1978. Other medical history included hypertension, hypothyroidism and hypercholestero-laemia. She smoked two cigarettes per day and her mother had died of a ruptured cerebral aneurysm.
Medications on admission were levothyroxine 125 µg daily, benazepril 10 mg b.d. and aspirin 325 mg daily. The patient had undergone prior general anaesthesia without problems and was allergic to phenytoin and phenobarbitone (skin rash). Physical examination was normal on admission. Her weight was 65 kg and height 178 cm. Carotid Doppler study prior to admission had shown a completely occluded right ICA and 70% stenosis of the left ICA. Fourvessel magnetic resonance angiography confirmed the Doppler findings and in addition showed a 9 mm aneurysm of the left ICA. Since CEA could be expected to expose the aneurysm to higher flow and pressures, it was decided to clip this structure first.
The patient was brought to the operating room and standard monitors applied. Baseline blood pressure was 150/65 mmHg. General anaesthesia was induced with fentanyl 250 µg and thiopentone 300 mg, and intubation was facilitated by vecuronium 10 mg. After induction, a right radial arterial line and a right subclavian vein central line were placed. Four scalp electrodes were positioned over the watershed area between the anterior and posterior cerebral arteries for intraoperative EEG monitoring. Live EEG and compressed spectral edge were viewed continuously and spectral EEG was computed at 30-second intervals for an eight-second epoch. Anaesthesia was maintained with isoflurane at less than 1% to facilitate EEG monitoring. Fentanyl was infused at 1 µg/kg/h. Phenylephrine and labetolol were used to treat episodes of hypotension and hypertension respectively and to maintain blood pressure within 10% of normal limits.
A left fronto-temporal craniotomy was performed followed by exposure of the left carotid artery in the neck. Through the neck incision the internal carotid was identified and dissected to above the origin of the hypoglossal artery. Then, returning to the craniotomy and using the operating microscope, the dura was opened and the aneurysm exposed and dissected free. Following the cross-clamping of internal and external carotid arteries, a further temporary clip was placed on the intracranial internal carotid artery and then a permanent clip across the neck of the aneurysm. During this 195-second period of temporary carotid occlusion, a significant decrease in left-sided EEG amplitude was noted, with return to normal EEG pattern after restoration of carotid flow. Since intraluminal bypass shunting was felt to be contraindicated because of proximity to the freshly clipped aneurysm, we decided to provide cerebral protection with thiopentone during the more prolonged clamping necessary for carotid endarterectomy. Therefore a 400 mg thiopentone bolus was given to slow EEG activity prior to carotid clamping and further small boluses used thereafter to maintain burst suppression at a frequency of 30 to 60 seconds.
Carotid endarterectomy was performed, plaque was removed and the vessel repaired. Once haemostasis was assured, the clamps were removed and flow restored to the internal carotid. Carotid clamp time was 41 minutes and a total of 1.4 g (21.5 mg/kg) of thiopentone was required to maintain burst suppression. During this time, blood pressure was supported with phenylephrine at 1 to 3 µg/kg/minute, aiming to stay within 10% of preoperative recording. The EEG activity returned to its baseline during the final skin closure, 63 minutes after unclamping and 45 minutes after the final dose of thiopentone (150 mg). The patient remained intubated and was ventilated in the intensive care ward for four hours at which time her trachea was extubated. She made an excellent recovery without any neurological deficit and was discharged to home on day 3 postoperatively.
DISCUSSION
The dual cerebral pathology of this patient posed an interesting anaesthetic challenge. She required careful haemodynamic control to maintain cerebral perfusion through a single stenosed carotid without increasing the risk of aneurysm rupture. To complicate this control, a high dose of barbiturate was required for cerebral protection when EEG changes during temporary clamping indicated that the collateral flow would be inadequate for the more prolonged carotid clamping necessary for endarterectomy. Subsequently the patient had a prolonged period of suppression of EEG activity during the endarterectomy clamping and woke up without neurological deficit.
Care of the patient undergoing carotid surgery centres around protection of the two organs most at risk, the heart and the brain. Protection of the brain involves monitoring for cerebral ischaemia and management of that event if it occurs. Monitoring techniques include the continuous assessment of motor function in a conscious patient, measurement of distal carotid stump pressure after clamping, continuous EEG monitoring and transcranial Doppler blood flow measurements. When monitoring identifies the presence of ischaemia, there are a number of techniques commonly used to protect the brain. Collateral perfusion can be improved by maintaining or slightly increasing cerebral perfusion pressure. The use of phenylephrine infusion for this purpose has been associated with increased incidence of segmental wall motion abnormalities on transoesophageal echo 2 . Whether these changes reflect true myocardial ischaemia or increased afterload has not been clearly established. Reperfusion of the ischaemic brain with a bypass shunt is effective, but was contraindicated in our patient. Mild hypothermia 34 to 35°C has been shown in laboratory and animal studies to have a protective effect on the ischaemic brain 3 , but is not easy to institute rapidly and can have adverse systemic effects such as myocardial ischaemia, coagulopathy and wound infection 4 .
Of the many agents proposed for pharmacological protection of the ischaemic brain, the barbiturates have been most extensively studied. There is a body of evidence from animal studies dating from the early 1970s that barbiturates provide protection from focal cerebral ischaemia [5] [6] [7] . The magnitude of the benefit is less certain and in recent animal studies, smaller effects were noted when variables such as temperature and blood glucose were closely controlled 8,9 . In the only randomized controlled human trial to date, Nussmeier et al showed a decrease in neuropsychiatric impairment in patients who had EEG burst suppression induced by thiopentone prior to warm cardiopulmonary bypass for cardiac surgery 10 . Two large prospective series have reported good results using thiopentone titrated to burst suppression in place of bypass shunting for CEA 11, 12 . Frawley et al reported a stroke rate of 1.7% in 621 patients treated this way 12 and later in the same series a stroke rate of 1.2% in 259 patients with associated contralateral carotid stenosis 13 . This led these investigators to state that thiopentone cerebral protection had "rendered intraluminal shunting obsolete".
The mechanism of barbiturate cerebral protection is not completely understood. In the early animal studies, maximal protection was achieved when the EEG became isoelectric, but no benefit was found in global ischaemia, leading to the assumption that the effect was due to a reduction in cerebral metabolic rate (CMR). However, reducing CMR to the same level with other drugs (e.g. isoflurane, propofol, etomidate) or hypothermia did not provide an equivalent protective effect, suggesting that other mechanisms are also involved 8, 9, 14, 15 . Free radical scavenging, inhibition of calcium uptake and protection from nitric oxide induced cytotoxicity 16 are some of the more specific cellular mechanisms proposed. Other known effects of barbiturates, such as reduction of intracranial pressure (ICP) and redistribution of cerebral blood flow from perfused to ischaemic areas ("inverse steal") may also play a role 14, 22 .
Thus while it is clear that barbiturates do provide some protection from focal cerebral ischaemia, the degree of protection provided and relative efficacy compared to other techniques such as hypothermia and bypass shunting is less certain. Furthermore, the optimal dosage, timing and mode of administration have not been defined. When used for cerebral protection, thiopentone may be given as single pre-clamp bolus, multiple boluses or as an infusion. The rationale behind the common practice of using a single bolus of thiopentone prior to carotid clamping has been questioned, since the consequent CMR suppression persists for only 5 to 10 minutes, considerably shorter than the usual carotid clamp time 17, 18 . We used multiple bolus dosing in our patient titrating to an endpoint of 30-to 60-second EEG burst suppression. This caused mild hypotension and a phenylephrine infusion was used to support the blood pressure. The more cardiostable etomidate has been proposed as an alternative to thiopentone but there is less evidence for its efficacy. Theoretically a thiopentone infusion should achieve more consistent plasma levels and greater cardiovascular stability compared to bolus administration. Stone et al studied the effect of thiopentone infusion titrated to EEG burst suppression on cardiac function in patients having surgery on large cerebral aneurysms, and concluded that there was "negligible cardiac impairment" provided there was good preoperative ventricular function 19 . Metz and Slogoff randomized 100 patients to either bolus thiopentone (15 mg/kg) or infusion titrated to EEG burst suppression during cardiopulmonary bypass procedures. They found no difference in postoperative central nervous system dysfunction or inotrope requirement, but noted that the bolus group had a shorter time to extubation 20 . The optimal dosage of thiopentone is not clear, and even the practice of titration to EEG burst suppression has been called into question by two recent studies demonstrating efficacy at lower doses 21, 22 . Nevertheless, it also must be considered that a large prospective series has achieved good results using this titration endpoint 12 . The timing of the thiopentone dose has been studied in primates and it appears that protection still occurs when the drug is given after the onset of ischaemia. The best result was obtained when barbiturate was given within 30 minutes of vessel occlusion and after two hours no benefit was to be gained 23 . While any action at a cellular level depends upon the drug accessing the threatened neurones before ischaemia occurs, other proposed actions (decreased ICP, improved perfusion by inverse steal) do not depend upon the drug reaching the ischaemic tissue in any quantity. Since we have the opportunity in carotid surgery to give the drug both before and after the ischaemic event, this would seem a logical course of action.
In conclusion, this case report describes the unusual combined procedure of clipping of an intracerebral aneurysm and carotid endarterectomy in a patient with complete contralateral carotid stenosis. Temporary occlusion of the functioning carotid resulted in an ischaemic EEG pattern and vascular bypass shunt was relatively contraindicated. We used multiple thiopentone boluses titrated to burst suppression for pharmacological cerebral protection during the ensuing carotid endarterectomy with a good clinical outcome. The adverse effects of this method were hypotension and prolonged emergence. A review of the literature found some evidence for the efficacy of barbiturate cerebral protection but little guidance for dosage or mode of administration. Although the role of pharmacological cerebral protection needs to be further defined, we believe that in this case it made a contribution to a good outcome in a patient at high risk of postoperative neurological deficit. Future studies are indicated to provide further guidance for optimal dosage and mode of administration of barbiturates in patients undergoing carotid endarterectomy.
